Introduction
Grapevine (Vitis spp.) is one of the most important fruit crops in the world. there are more than 70 species of Vitis spp. in the world, mainly found in the temperate zones of the northern hemisphere. they are mostly distributed in three regions: europe and Western Asia, north America and eastern Asia (2, 18, 29) . china is one of the major gene centers of Vitis species origination. More than 38 Vitis species have their origin in china (18) . china is a vast country with complex geographical environments, greatly differing in climate, soil and topography. Under these conditions, there are many plant species among which are abundant the species of Vitaceae and Vitis spp. germplasm resources (Fig. 1) . And Jiangxi, hunan and Zhejiang provinces have abundant wild grape species (17) . chinese wild grape species have enormous economic potential for grape breeding, such as desirable disease resistance, drought tolerance and cold hardiness genes (15, 18, 39, 40, 41) . in the last decades, morphology, palynology and isoenzyme analysis were used to study the taxonomy of the chinese wild grapes, to verify the genetic relationship between the species and to explore the origin of chinese wild grapes (19, 20, 21, 23, 30) . As more chinese grapes are discovered more questions on the taxonomy of chinese grapes will be raised (40) .
Molecular genetic markers represent one of the most powerful tools for the analysis of genomes and enable the association of heritable traits with underlying genomic variation (9) . Simple sequence repeats (SSR), with the advantages of co-dominance, high allele diversity, high stability and simple operation, have been widely used in genetic diversity analysis of grape resources, germplasm identification, genetic map construction, gene location (1, 4, 5, 6, 10, 13, 16, 25, 27, 28, 32, 38) , and other fields. With reproducible results, high reliability, simple technology and low cost, sequence-related amplified polymorphism (SRAP) has been applied in citrus, peaches, grape rootstock (3, 24, 44) and many other fruit tree species since its first exploitation in 2001. to date, only few papers have been published on the DnA based molecular markers analysis of chinese wild grapevine (22) . investigation of genetic relationship is very important for germplasm conservation, evaluation and utilization for future grape breeding programs considering the present need of cultivar improvement. 
GENETIC DIVERSITY OF CHINESE WILD GRAPE SPECIES BY SSR AND SRAP MARKERS

Materials and Methods
Plant material
A total of 27 grape genotypes including 26 genotypes from 15 chinese wild grape species and one interspecies hybrid of Vitis l. were analyzed ( Table 1 ). All materials were collected from the national Grape Germplasm Reporsitory, Zhengzhou Fruit Research institute of the chinese Academy of Agricultural Sciences.
DNA isolation
total genomic DnA was isolated from fresh leaves following the procedure previously described by Wang et al. (42) . the quality and concentration of the DnA samples were checked in a biophotometer plus (eppendorf, Germany) and a portion of the DNA was diluted to 50 ng/μl for use in SSR analysis. Both the stock and diluted portions were stored at -20 °c.
SSR analysis
tirty-eight SSR primers developed within the Vitis Microsatellite consortium (VMc) were used: VVMD5, VVMD7 (7); VVS2,VVS4 (36); VrZAG7, VrZAG15, VrZAG21, VrZAG25, VrZAG30, VrZAG47, VrZAG62, VrZAG64, VrZAG67, VrZAG79 (34); VVib66, VVin61, VVip36c, VViu13 (26); Vvc5, Vvc6, Vvc7 Vvc19 Vvc34 Vvc62 Vvc71 Vvc8 (26);VMc4A1, VMc4D2, VMc4F3, VMc4D4, VMc4c6, VMc4h5, VMc4h6, VMc4G6; UDV-015, UDV-123 (11).
The SSR amplifications were performed in 20 μl volumes containing 30-50 ng template DNA, 0.1 mM dNTPs, 0.5 μM of each primer, 2 mM of Mg 2+ , 1 U taq DnA polymerase (taKaRa) which was optimized based on Gabriele et al. (11) . The amplification reaction procedure was as follows: after denaturation at 94 °c for 5min, followed by 35 cycles consisting of 30 sec at 94 °c, 50-57 °c annealing for 30 sec and 45 sec at 72 °C with a final extension at 72 °C for 7 min. The amplification programs were slightly different among different primers just in the annealing temperature. the amplification products were separated by 8% polyacrylamide gel electrophoresis (PAGE) and visualized by a simplified silver staining method.
SRAP analysis
the SRAP analysis was carried out using 26 primers including 13 forward (Me1-13) and 13 reverse (em1-13) SRAP primers (8) , for a total of 169 primer combinations. Among all the primers screened only twelve SRAP combinations gave high levels of polymorphism.
Each 10 μl PCR reaction mixture consisted of 30-50 ng template DNA, 0.8 mM of dNTPs, 1.0 μM of each primer, 0.9 mM of Mg 2+ , 0.1 U taq DnA polymerase (taKaRa). The amplification reaction procedure was as follows: after denaturation at 94 °c for 5min, the reaction mixture was subjected to amplification for 7 cycles consisting of 90 sec at 94 °c, 75 sec at 35 °c, 30 sec at 72 °c, followed by 30 cycles consisting of 60 sec at 94 °c, 60 sec at 55 °c and 90 sec at 72 °C with a final extension at 72 °C for 5 min.
Statistical analysis
Amplified bands were scored as either present [1] or absent [0] . the data were entered into a binary matrix and subsequently 
Results and Discussion
SSR analysis ten pairs of primers with clear bands, high repetitiveness and extensive polymorphism were screened from 33 pairs of SSR primers ( Table 2) . the number of alleles ranged from 6 (in UDV-015) to 12 (in VMc4c6 and VVS2) with a total of 90 alleles and an average of 9 alleles per locus ( Table 2 ), in agreement with previous analyses (7, 14, 31) . out of 90 SSR amplicons, 83 were polymorphic with a high percentage of polymorphism (92.2%). The allele heterozygosity across all genotypes varied from 0.124 to 0.347. the primer heterozygosity ranged from 0.653 (VVib66) to 0.883 (VrZAG79). 
SRAP analysis
twelve pairs of SRAP primer combinations were used to analyse the chinese wild grapes. As the data in Table 3 indicate, a total of 223 bands were obtained with twelve primers, of which 208 were highly polymorphic (93.3% of polymorphism) and the number of amplicons scored per primer combination ranged from 13 to 33, with an average of 18.6 bands. Cluster analysis the genetic similarity data obtained from SSR and SRAP were used for cluster analysis. the dendrograms showing the relationship among chinese wild grapes based on SSR and SRAP data are given in Fig. 2 and Fig. 3 , respectively. the dendrogram obtained from SSR analysis is shown in Fig. 2 . At the genetic similarity coefficient of 0.76, nearly all the chinese wild grape species could be separated, except V. heyneana, V. heyneana subsp. ficifolia, and V. adenoclada. As shown in Fig. 2 , the binding line l 2 can be used as a 'species line' to distinguish species. Different species of grapes can be distinguished by this binding line, and individuals below species can be categorized into one class. however, V. heyneana, V. heyneana subsp. ficifolia and V. adenoclada were not successfully distinguished. All the accessions were classified into four main clusters at the genetic similarity coefficient of 0.64 (binding line L 2 ).
The first cluster contained five accessions, all of which were V. amurensis, without any cross with the other groups. the second cluster contained 16 accessions, including V. pseudoreticulata × V. vinifera 'huajia no. Because V. heyneana subsp. ficifolia is a subspecies of Vitis heyneana, the two first gathered together, and then clustered with V. adenoclada. the third cluster was V. davidii. the fourth cluster was V. bellula.
the results of the clustering analysis based on SSR markers showed that the experimental chinese wild grapes could be divided into four clusters by using the genetic similarity coefficient of 0.64. The first cluster was mainly distributed in northeast and north china. the second and third clusters were mainly distributed in central and eastern regions, some extending to the south, southwest and northwest regions; the fourth cluster was mainly distributed in Sichuan, hubei and northeastern Yunnan. thus, the group division was correlated with the geographic distribution. this is similar to the research on common wild rice (43) and Zoysia (45) based on SSR as well as to the results of the phylogenetic studies on Vitis l. by using chloroplasts (37) . in addition, the results based on SSR markers revealed closer relationship between V. piasezkii and V. hancockii, with genetic distance of only 0.2692 and a genetic similarity coefficient of 0.7308. This is different from the results of niu et al. (30) and luo et al. (22) , but in line with the results of Gao (12) . the dendrogram obtained with SRAP data is shown in Fig.  3 . At the genetic similarity coefficient of 0.84, which was the clustering site of V. heyneana and V. heyneana subsp. ficifolia, nearly all the chinese wild grape species could be separated. As shown in Fig. 3 , the binding line l 1 can be used as a 'species line' to distinguish species. Different species of grapes can be distinguished on the basis of this binding line, and individuals below species can be categorized into one class. From the clustering results, 27 materials were divided into 16 categories by the binding line l 1 and the classification result was almost consistent with the traditional morphological classification. All the accessions were classified into two main clusters at the genetic similarity coefficient of 0.64 (binding line L 2 ). the dendrogram obtained with SRAP data had two clusters. When setting the similarity coefficient of 0.64 as a threshold, the 27 experimental materials could be divided into two clusters by using the binding line l 2 . V. hancockii alone was a cluster, and the other 26 materials were clustered into one cluster. in chinese wild grapes, V. hancockii had the farthest genetic relationship with the other species, which is almost consistent with the results of the traditional morphological classification by niu et al. (30) and the clustering analysis based on RAPD markers by luo et al. (22) .
Genetic relationship of V. heyneana, V. heyneana subsp. ficifolia and V. adenoclada the results from the clustering analysis based on SSR markers showed that V. heyneana, V. heyneana subsp. ficifolia and V. adenoclada were all below the binding line l 1 , indicating the closer genetic relationship of these three species. the genetic distance (0.1699) between V. heyneana and V. heyneana subsp. ficifolia was much closer than that (0.2469) between V. heyneana and V. adenoclada, which is consistent with the hypothesis of li (19) that V. heyneana subsp. ficifolia is a subspecies of V. heyneana. Thus, this confirmed the classification by Li (19) at SSR level. in addition, the morphological characteristics of V. adenoclada are very similar to V. heyneana. the morphological difference was only the presence or absence of glandular hairs, and the 'species line' failed to distinguish them. We speculated that fewer SSR markers selected failed to cover the tag information associated with traits of glandular hair.
the results of the clustering analysis based on SRAP markers showed that the different species of grapes could be distinguished by setting the clustering site of V. heyneana subsp. ficifolia and V. heyneana as a 'species line'. this also confirmed the results of Li's (19) classification at SRAP level that V. heyneana subsp. ficifolia is a subspecies of V. heyneana, and V. adenoclada alone is a species.
Conclusions
the present study highlights the usage of SSR and SRAP techniques for studying genetic diversity at the DnA level in chinese wild grape species. SRAP marker revealed the genetic diversity of different kinds of grapes with higher efficiency in relation to SSR maker. the results showed that the number of allele variation loci and genetic diversity coefficients labeled by SSR and SRAP both revealed the abundant genetic diversity of chinese wild grape resources. the result from SSR analysis had some correlations with the geographical distribution of the chinese wild grape species. And the result from SRAP data was almost consistent with the traditional morphological classification of Chinese wild species.
To our knowledge, this is the first comparison of the discriminating capacity, efficiency and ability of SSR and SRAP markers system in chinese wild grape. the results of the present work will be the basis for future studies on the phylogenetic relationships and germplasm organization in the genus grape.
